Foeniculum vulgare Mill and Coriandrum sativum L. are very popular spices in Indian kitchens. The present study was an attempt to evaluate the angiotensin converting enzyme (ACE) inhibition and antioxidant activity of the standardized oils of F. vulgare and C. sativum by an UV method using hippuryl-L-histidyl-L-leucine (HHL) as substrate. Standardization of the oils and identification of the chemical-markers (linalool and anethole) present in them was performed through HPLC and GC-MS. Coriander oil showed the higher ACE inhibition with an IC 50 value of 34.8 ± 2.3 µg/mL, than fennel oil with an IC 50 value of 40.7 ± 3.5 µg/mL. Both oils showed strong DPPH radical scavenging activity. This finding suggests that coriander and fennel oils can be potential leads for the management of hypertension as an ACE inhibitor.
Hypertension is a major health problem worldwide and, when untreated, influences cardiovascular disease and premature death [1a] . Inhibition of the angiotensin converting enzyme (ACE) is a well-known therapeutic principle in the treatment of hypertension [1b] . Coriander (C. sativum L., Apiaceae) is reported to have gut modulatory, blood pressure lowering and diuretic potential [1c], whereas fennel (F. vulgare Mill., Apiaceae) has an antihypertensive effect [2] . Both of these plants are well-known herbs widely used as spices. Hence, coriander oil, fennel oil, linalool and anethole were selected to evaluate their potential as ACE inhibitors, as well as anti-oxidant agents and their usefulness in hypertension.
The yields of extracted coriander and fennel oils were 0.75%, v/w, and 3.8%, v/w, respectively. GC-MS analysis of the essential oils showed that linalool (83.6%) was the major constituent of coriander oil and anethole (85.6%) of fennel oil. HPLC analysis of linalool in coriander oil and anethole in fennel oil showed linear relationships between peak area and concentration in the range of 0.5 -15 µg/mL, with correlation coefficients of r 2 = 0.9956 and 0.9962, respectively.
Both oils showed significant inhibition of ACE in a concentration dependent manner (Figure1). The major constituents of the oils, linalool in coriander oil and anethole in fennel, showed good ACE inhibition (Table 1 ). Both oils, as well as linalool and anethole, showed concentration dependent free radical scavenging activity ( Figure 2 ). The antioxidant activities of the oils, anethole and linalool are shown in Table 1 . Angiotensin I converting enzyme (ACE, dipeptidylcarboxypeptidase I) plays an important role in regulating blood pressure [3] . ACE catalyzes the conversion of inactive decapeptide, angiotensin I, to the potent vasoconstrictor octapeptide, angiotensin II. The enzyme also degrades the vasodilator nonapeptide, bradykinin. Inhibition of ACE is, therefore, a means to control human hypertension and heart failure. About 15% -20% of adults in many developed countries are affected with hypertension, which carries a high risk factor for myocardial infarction and stroke. Essential oils contain multi components in their composition with only a few of the constituents Values are expressed as mean ± SEM, (n= 3). being responsible for the desired biological effects, although the presence of other constituents may enhance the activity [4] . In the present investigation crude oils inhibited ACE and furthermore, their chief constituents inhibited the enzyme in a concentration dependent manner. Coriander oil was more active than fennel oil, and linalool more than anethole. The DPPH scavenging activity of the oils was higher than that of their active constituents. This finding suggests that linalool and anethole are probably the molecules responsible for the ACE inhibition activity and may be suitable as functional foods for pharmaceutical purposes for use against hypertension and other related diseases. They can also be a good dietary source of natural antioxidants.
Experimental
Plant materials: Fruits of C. sativum and F. vulgare were purchased from an authenticated vendor. Voucher specimens (SNPS/JU/2010/1063 and SNPS/JU/2010/1064) have been deposited at Jadavpur University, Kolkata, India.
Isolation of oils:
The powdered seeds (100 g) of C. sativum and F. vulgare were separately hydrodistilled in a Clevenger apparatus for 6 h and yellow colored oils were obtained [5a] . The crude oils were dried over anhydrous sodium sulfate and stored in sterilized vials in a refrigerator in the dark at 4°C until use.
Determination of ACE inhibition activity: ACE inhibition activity was assayed according to the methods of Cheung and Cushman [5b]
and Chaudhary et al.
[5c], with some modifications. Briefly, 50 µL of the sample solution (from 20-100 µg/mL) with 50 µL of ACE (25 mU/mL) was pre-incubated at 37ºC for 10 min. Then, 150 µL of the substrate solution (8.3 mM HHL in 50 mM sodium borate buffer containing 0.5 M NaCl at pH 8.3) was added and incubated for 30 min at 37ºC. The reaction was terminated by addition of 250 µL of 1.0 M HCl. To the resulting solution, 0.5 mL of ethyl acetate was added and centrifuged (800 g) for 15 min. 0.2 mL of the upper layer was transferred into a test tube and evaporated at room temperature for 2 h in a vacuum. Hippuric acid was dissolved in 1.0 mL of distilled water and absorbance was measured at 228 nm using an UV-spectrophotometer (Cecil, CE 7200 England). An appropriate blank was used for each sample. All the experiments were performed in triplicate and in 2 independent experiments. The antihypertensive agent, Captopril, was used as a standard at a concentration of 3.6 ng/mL [5d]. The percentage of inhibition (ACEI) was calculated using the formula:
Percentage inhibition = {(A−B)/ (A−C)} ×100
Where, A is the optical density at 228 nm with ACE, but without Inhibitor. B is the optical density in the presence of both ACE and inhibitor. C is the optical density without ACE and inhibitor.
Anti-oxidant activity:
The antioxidant activity of the plant extract/fractions was examined on the basis of the scavenging effect on the stable DPPH free radical activity [5e, 5f]. DPPH (0.05 mM) (300 µL) was added to 40 µL of extract solution with different concentrations (10-500 µg/mL). DPPH solution was freshly prepared and kept in the dark at 4°C. Methanol 96% (2.7 mL) was added and the mixture shaken vigorously. The mixture was left to stand for 5 min and absorbance was measured using an UVspectrophotometer (Cecil, CE 7200 England) at 517 nm. Methanol was used to set the absorbance zero. A blank sample containing the same amount of methanol and DPPH was also prepared. All determinations were performed in triplicate. The radical scavenging activities of the tested samples were expressed as percentage of inhibition, and calculated according to the following equation: Percent (%) inhibition of DPPH activity = [(AB -AA) / AB] x 100, where AA and AB are the absorbance values of the test and of the blank sample, respectively. An inhibition versus concentration curve was plotted and the concentration of sample required for 50% inhibition was determined and represented as an IC 50 value for each of the test solutions. Ascorbic acid was used as standard at a concentration of IC 50 = 10.4 ± 1.7 µg/mL. HPLC analysis: C. sativum and F. vulgare were standardized for their contents of linalool and anethole. The oils were precisely measured, extracted with methanol in a sonicator and filtered through a 0.45 µm filter. An aliquot of 20 µL was injected into the HPLC column (Waters Spherisorb C18 column, 250 × 4.6 mm, 5 µ) and elution was carried out using methanol: water: acetic acid (85: 14: 1 v/v) as mobile phase at a flow rate of 1 mL/min, and the eluate was monitored at 254 nm. The external calibration curve of standard linalool and anethole was prepared in the concentration range of 0.5-15 µg/mL.
